Objective: To examine the validity of the International Classification of Diseases, 10th revision (ICD-10) codes for hyponatraemia in the nationwide populationbased Danish National Registry of Patients (DNRP) among inpatients of all ages. Design: Population-based validation study. Setting: All somatic hospitals in the North and Central Denmark Regions from 2006 through 2011.
INTRODUCTION
Hyponatraemia, defined as a serum sodium value <135 mmol/L, is the most common electrolyte abnormality encountered in clinical practice. 1 It can be caused by a large variety of conditions, such as heart failure, kidney failure, cirrhosis, syndrome of an inappropriate antidiuretic hormone, vomiting and diarrhoea, and can also be a side effect of several medications. 2 Results of recent studies have indicated that even a mild-to-moderate level of hyponatraemia may be an important predictor of poor prognosis in patients with cardiovascular disease, kidney and liver disease and cancer. [3] [4] [5] [6] [7] [8] However, key aspects of the aetiology and prognosis of hyponatraemia remain unknown.
Strengths and limitation of this study
▪ This is the first study to validate the International Classification of Diseases, 10th revision code for hyponatraemia in hospitalised patients of all ages. ▪ We used a population-based design, utilizing unambiguous individual-level linkage between registries containing complete data on all hospitalisations and laboratory measurements, thereby ensuring a large sample size and virtually eliminating the risk of selection bias. ▪ We did not consider the duration of hyponatraemia. Sensitivity may have been higher if the presence of hyponatraemia required that it was detected in more than one laboratory measurement during hospitalisation.
The Danish population-based medical registries may offer a unique opportunity for studies of the epidemiology of hyponatraemia, if data are valid. However, as symptoms of mild and moderate hyponatraemia may be vague, and concealed by or construed as symptoms of an underlying disease, it is likely that the condition will not be reported. 9 10 Thus, use of only inpatient discharge diagnoses of hyponatraemia in epidemiological studies may cause bias that can affect the validity of study results. 11 Until now, only one study has investigated the validity of the International Classification of Diseases, 10th revision (ICD-10) codes for hyponatraemia. This Canadian study was restricted to patients 66 years of age or older with serum sodium values at the time of emergency department contact or at hospital admission. 12 The sensitivity of hyponatraemia coding was found to be as low as 7%. For inpatients younger than 66 years, knowledge of the validity of hyponatraemia diagnoses is limited to a study performed in a single hospital in the Netherlands using ICD-9 codes for hyponatraemia. In this study, sensitivity was found to be just below 2%, using hospital laboratory data as the reference standard. 13 Similar results were found in a study examining the validity of outpatient professional ICD-9 claims for hyponatraemia in the USA. 14 We therefore conducted the first population-based study examining the validity of ICD-10 inpatient discharge diagnoses of hyponatraemia in the Danish National Registry of Patients (DNRP), including patients of all ages.
METHODS

Setting and data collection
We used the DNRP to identify all admissions to hospitals in the North and Central Denmark Regions (2.1 million inhabitants in the study period) from 1 January 2006 to 31 December 2011. The DNRP contains information, including date of admission and discharge, department code and discharge diagnoses, on all admissions to Danish non-psychiatric hospitals since 1977. 15 16 By use of the unique 10-digit civil registration number, assigned to all Danish residents since 1968, 17 we linked each patient's DNRP data to the clinical laboratory information system (LABKA) research database. For patients living in the North and Central Denmark Regions, data on virtually all specimens analysed in clinical laboratories by hospitals and medical practitioners are entered into a computer-based clinical laboratory information system, which functions as a routine diagnostic tool for medical personnel. 18 Data are transferred electronically to the LABKA research database, managed by Aarhus University. Analyses are coded according to the NPU (Nomenclature, Properties and Units) system. The LABKA research database contains the civil registration number, time and date of blood sampling, and identification code of the requesting physician or hospital department. 18 We used the LABKA research database to retrieve information on all serum sodium measurements recorded during each of the identified hospitalisations.
Hyponatraemia diagnosis (ICD-10 code algorithm) At hospital discharge, the attending physician assigns one primary diagnosis, reflecting the main reason for hospitalisation and treatment and up to 19 secondary diagnoses regarding additional clinically relevant conditions, including underlying diseases, complications and symptoms. 19 Diagnoses recorded in the DNRP have been coded according to the ICD-10 since 1994. 16 We developed an algorithm based on ICD-10 codes to identify primary and secondary discharge diagnoses of hyponatraemia recorded in the DNRP for each hospitalisation. The following ICD-10 codes were included in the algorithm: E87.1 (hypo-osmolality and hyponatraemia), E87.1A (hyponatraemia) and P74.2B (hyponatraemia in newborns (Danish version of ICD-10)).
Gold standard (laboratory serum sodium measurements)
We used serum sodium measurements recorded in the LABKA research database as the gold standard to confirm or disconfirm a diagnosis of hyponatraemia identified by the ICD-10 algorithm. Hyponatraemia was defined as serum sodium values <135 mmol/L for patients older than 30 days and <133 mmol/L for infants 30 days of age or younger. 20 Patients were considered to have hyponatraemia if at least one hyponatraemic serum sodium value was recorded during their hospitalisation. If no serum sodium measurement was available, the patient was assumed to have a nonhyponatraemic serum sodium value (135-145 mmol/L). The following cut-off points for increasing severity of hyponatraemia were chosen: 135, 130, 125, 120 and 115 mmol/L. 13 The corresponding levels for infants less than 31 days of age were 133, 128, 123, 118 and 113 mmol/L.
Other variables
For each patient, we assessed comorbidity by information retrieved from the DNRP on the conditions included in the Charlson Comorbidity Index (CCI). The CCI includes 19 medical conditions, each assigned a weighted score between 1 and 6. The sum of these individual scores is used as a measure of a patient's comorbidity burden. 21 22 We calculated CCI scores for each patient and defined three comorbidity levels: low (CCI score 0), medium (CCI score 1-2) and high (CCI score of 3 or above). We included morbidities recorded within 10 years prior to the current hospitalisation, as conditions requiring hospital treatment within this timeframe would most likely influence the attending physician's diagnostic approach and evaluation during the current hospitalisation.
Furthermore, we obtained information on the department of admission and year of admission from the DNRP. Departments were categorised in the following five groups: internal medicine, surgery, gynaecology/ obstetrics, paediatrics and other.
Statistical analysis
Patients with a hyponatraemic serum sodium value recorded in the LABKA research database were divided into two categories: Those with an ICD-10 code for hyponatraemia in the DNRP and those without. We described both groups of patients in terms of gender, age (median and associated IQR), department of admission, CCI score and specific comorbidities.
We estimated the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV; figure 1 ) for ICD-10 codes for hyponatraemia in the DNRP with corresponding 95% CI, using the exact method for binomial proportions. We defined sensitivity as the probability of an ICD-10 code for hyponatraemia being registered in the DNRP, when the laboratory test result identified the presence of hyponatraemia. Specificity was defined as the probability of an ICD-10 code for hyponatraemia not being registered in the DNRP, when hyponatraemia was not identified in laboratory test results. We estimated the PPV as the proportion of patients for whom an ICD-10 code for hyponatraemia recorded in the DNRP could be confirmed by a serum sodium measurement, and NPV as the proportion of patients with no ICD-10 code for hyponatraemia in the DNRP, for whom non-hyponatraemic or no serum sodium values were recorded in the LABKA research database. The analyses were repeated for all hyponatraemia cut-off points and after stratification by age group categories, department of admission and admission year.
Finally, we conducted four sensitivity analyses. First, we performed a complete case analysis, a method for dealing with missing data considering only participants with recorded values for all covariates, 23 meaning that only patients with at least one serum sodium measurement during their hospitalisation were included in the analysis. We did so, in order to evaluate the assumption that patients without a serum sodium measurement were normonatraemic. In the second sensitivity analysis, we included only patients with more than one serum sodium measurement during their hospitalisation. In the third sensitivity analysis, we included only the ICD-10 codes E87.1A (hyponatraemia) and P74.2B (hyponatraemia in newborns). Because epidemiological studies often focus on incident cases, we performed a post hoc sensitivity analysis in which we restricted to the first hospitalisation for each patient in the study period.
Data analyses were performed using the statistical software package STATA (V.12; Stata Corp, College Station, Texas, USA).
All data were obtained from Danish public registries. According to Danish law their use does require informed consent or ethics committee approval.
RESULTS
Characteristics
We identified 2 186 642 hospitalisations (819 701 individual patients) within the study period. For 1 308 740 (60%) hospitalisations, at least one serum sodium measurement was recorded in the LABKA research database, and for 1 037 647 (47%) hospitalisations subsequent measurements were recorded. According to the recorded serum sodium value, hyponatraemia was present in 306 418 hospitalisations (14%). In the DNRP, we identified 5850 hospitalisations with an ICD-10 code of hyponatraemia (hypo-osmolality and hyponatraemia=3722, hypona-traemia=2124, hyponatraemia in newborns=4) among all 2 186 642 hospitalisations. Of these, 440 did not have a hyponatraemic serum sodium value recorded in the LABKA research database. Table 1 shows the distribution of hospitalisations by the presence/absence of an ICD-10 diagnosis of hyponatraemia recorded in the DNRP, by gender, age and comorbidity variables, for patients with hyponatraemic serum sodium values. Patients who had an ICD-10 code of hyponatraemia recorded in the DNRP and a corresponding hyponatraemic serum sodium measurement were on average older, more often female, more likely admitted to an internal medicine department and characterised by lower comorbidity levels than patients with no hyponatraemia diagnosis in the DNRP, but having hyponatraemic serum sodium values recorded in the LABKA research database. Cerebrovascular disease, dementia and ulcer disease were the only comorbidities that were more frequently found in patients with an ICD-10 code for hyponatraemia and corresponding hyponatraemic serum sodium value, compared to patients with hyponatraemia without a hyponatraemia diagnosis in the DNRP (table 1) .
Sensitivity, specificity, PPV and NPV For 440 (7.5%) of the 5850 hospitalisations with an ICD-10 code for hyponatraemia recorded in the DNRP, no hyponatraemic serum sodium measurement was recorded in the LABKA research database during the hospitalisation (for 178, no measurement was recorded at all). This corresponds to a PPV of an ICD-10 code for hyponatraemia of 92.5% (95% CI 91.8% to 93.1%) for serum sodium values <135 mmol/L (<133 mmol/L for infants 30 days of age or younger). As expected, PPV decreased with lower serum sodium cut-off points. A total of 5410 hospitalisations had both an ICD-10 code recorded in the DNRP and a corresponding hyponatraemic laboratory measurement, resulting in a sensitivity of the ICD-10 codes of 1.8% (95% CI 1.7% to 1.8%). Sensitivity increased with lower cut-off (table 2) . Sensitivity was higher among admissions to internal medicine departments than among admissions to surgical, gynaecological/obstetric, paediatric and 'other' departments (table 3) . The validity measures were virtually unchanged across the strata of the admission year.
Sensitivity analyses
Compared to the primary analyses, we observed no changes in either sensitivity or specificity estimates when including only patients with at least one serum sodium measurement during their hospitalisation in the analysis. PPV increased slightly for all serum sodium cut-off points, while NPV decreased for the three highest cut-off points. Including only patients with more than one serum sodium measurement also yielded almost identical results (table 4) .
After restriction to the most specific ICD-10 codes for hyponatraemia, PPV increased slightly and sensitivity decreased (94.6% (95% CI 93.6% to 95.6%) and 0.7% (95% CI 0.6% to 0.7%), respectively). Estimates of specificity and NPV were virtually unchanged (table 4) .
We observed a slight increase in sensitivity for serum sodium cut-off points <130 mmol/L but not for the overall estimate when restricting to the first hospitalisation in the study period. PPV and NPV generally increased, although only very slightly for the overall estimate (table 4) .
DISCUSSION
This is the first study to report on the validity of ICD-10 coding of hyponatraemia using comprehensive population-based medical registries and including patients of all ages. A record of a hyponatraemia diagnosis in the DNRP was found to be specific to and highly predictive of hyponatraemia confirmed by laboratory values. However, the disorder was greatly under-reported, though to a lesser extent in patients admitted to an internal medicine department compared to other departments. We found sensitivity to be low even for severe degrees of hyponatraemia. These results were robust when we used a stricter definition of hyponatraemia and complete case analysis.
Our findings correspond to those of Movig et al's 13 single-centre study conducted in the Netherlands, in which ICD-9-CM coding of hyponatraemia in inpatient discharge records was compared with hospital laboratory data. As in our study, sensitivity at the cut-off point of 135 mmol/L was 1.7%, and increased with decreasing serum sodium levels. Sensitivity thus reached 30.6% for values below 115 mmol/L. In addition, their estimates for PPV, NPV and specificity were similar to our results (91.7%, 79.5% and <99.9%, respectively). A Canadian study by Gandhi et al 12 examined ICD-10 coding for hyponatraemia and reported a sensitivity of 6.4% for the cut-off point of <135 mmol/L and 41.7% for the cut-off point of 125 mmol/L. The study, however, was restricted to patients ≥66 years of age presenting with serum sodium values at the time of admission or emergency department contact. In line with their results, we found that the median age of patients with an ICD-10 code of hyponatraemia recorded in the DNRP, which could be confirmed by laboratory results, was higher than that of patients with hyponatraemia with no ICD-10 code for hyponatraemia recorded in the DNRP. However, the sensitivity estimates did not reach those found by Gandhi et al even for patients 65-79 and ≥80 years of age. Shea et al 14 also reported higher sensitivity compared to our results (3.5% for a cut-off point of <136 mmol/L and 29.6% for the cut-off point of 125 mmol/L) in their study examining the validity of ICD-9 codes of hyponatraemia in an outpatient managed-care population. Outpatient serum sodium laboratory tests were compared with outpatient professional ICD-9 claims registered within 15 days before or after the laboratory claim. The PPV was 62.6% for serum sodium levels <136 mmol/L and 10.4% for levels <125 mmol/L. As noted in the paper, detected hyponatraemia may be the cause for follow-up visits in an outpatient setting, without the need for repeat measurements. This could lead to a lower PPV compared to our study and the study by Movig et al. In addition, managed-care claims databases encompass an employer-based commercially insured population. Thus, Shea et al's study may not be representative of elderly populations, in which prevalence of hyponatraemia is high. 24 25 This may also explain why their results differed from ours.
The major strengths of our study are its populationbased design and unambiguous individual-level linkage between registries containing complete data on all hospitalisations and laboratory tests in a well-defined population. This eliminates the risk of selection bias. Several potential study limitations must be considered. We relied on only one (the lowest) serum sodium value recorded to define the presence of hyponatraemia, and did not consider the duration of hyponatraemia. Clinicians may be more likely to regard hyponatraemia as clinically relevant, and hence to include the condition in discharge diagnoses, if it is detected in more than one measurement. In this context, it is important to note that patient transfers between departments are registered as separate admissions in the DNRP and that we examined the validity of ICD-10 coding for each registered admission. The PPV may have been even higher if we had considered contiguous admissions as a single admission. Finally, we chose to include patients without serum sodium measurements and to consider them as normonatraemic in the main analysis. We did so to detect false-positive diagnoses and thereby obtain accurate estimates of predictive values. Serum sodium is often measured as a routine procedure, and rarely due to specific suspicion. Although frequently measured, the proportion of patients with unacknowledged hyponatraemia is most often unknown. We therefore performed a complete case analysis, including only patients with serum sodium measurements. As the results did not differ markedly from those of the primary analysis, we believe that including patients without serum sodium measurements in the normonatraemic group was justified.
We can only speculate on the reasons for the low sensitivity of the ICD-10 coding of hyponatraemia found in our study. A diagnosis of hyponatraemia was less likely to be recorded in patients with high levels of comorbidity, which may indicate that hyponatraemia is mainly considered a bystander of the underlying diseases. If hyponatraemia is mild or transient, and does not require intervention or specific attention, it may not warrant documentation. However, even for very severe hyponatraemia (<115 mmol/L), which is potentially fatal and requires immediate intervention, sensitivity was low. We believe that this most likely reflects negligence of proper coding practice rather than lack of attention to the clinical importance of low serum sodium levels. With the increasing use of electronic medical records, it would be feasible and worthwhile to automatically assign discharge diagnoses to patients with gross abnormal laboratory values. However, the ultimate responsibility for summarising the most important reasons for treatment and care still rests on the discharging physician. Our results suggest that hyponatraemia is not coded in the presence of coexisting illness deemed more important, and that the fact that hyponatraemia may be an important indicator of a poor prognosis is not yet acknowledged.
The results of this validation study emphasise the need for caution when relying on ICD-10 codes for hyponatraemia in research. Based on the estimated PPV and specificity, patients with an ICD-10 code of hyponatraemia can safely be assumed to actually have hyponatraemia. However, the low sensitivity renders the ICD-10 codes inappropriate for use in studies examining prevalence, incidence and absolute risk, due to a high degree of misclassification. Sensitivity increased with decreasing serum sodium levels, suggesting that studies using ICD-codes to identify hyponatraemia would be based mainly on severe cases. Furthermore, our results indicate that quality of registration differs according to age, gender and morbidity status. Hence, studies may be susceptible to differential misclassification, again resulting in biased results.
Conclusion
We found that the ICD-10 coding of hyponatraemia in DNRP has high specificity but is highly incomplete, resulting in very low sensitivity. When available, laboratory test results for serum sodium will more correctly identify patients with hyponatraemia.
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